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(54) SEMICONDUCTOR DEVICE 

(57) Abstract: 

PURPOSE: To improve a drain breakdown strength and 
to obtain a high-performance MESFET to improve its 
operating speed by reducing a gate capacitance by a 
method wherein the MESFET is formed into a structure, 
wherein an operating layer directly under a gate 
electrode and n + layers are respectively connected to 
each other by conductive layers having the same impurity 
concentration as that of the operating layer and of the 
same depth as that of the operating layer and a layer of 
a conductivity type opposite to those of the conductive 
layers does not exist under the lower parts of the 
conductive layers. 

CONSTITUTION: n + source and drain regions 6-1 and 
6-2 are formed at positions at a prescribed distance 
from a gate electrode 4, an n-type operating layer 2 
directly under the electrode 4 is extended between the 
layer 2 and these n + layers and the layer 2 is 
electrically connected with the n + layers. A p4ype 
buried layer 3 is formed under the lower part of the 
layer 2 and only at the part directly under the 
electrode 4 and the layer 3 does not exist under the 
lower part of the extended layer 2, by which a channel 
and the n + regions are connected to each other. As a 
result, a reduction In a gate is possible, a gate 



capacitance Gg is reduced, a current driving capacity gm 
is improved, the series parasitic resistance of a source 
and a drain can be reduced, the fringing MESFET can 
greatly be improved. 
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«rtEMftii(D. y— h««*<^fi£*tLfcgu»(DTa5»cm 

cit3^^2] % i <DM^m tmzcom^ 
a*h^>^x^*m«»«uT. mean <d«j!l$)* 

[«93a>t*«DttK9n 
[000 1] 

[0 0 0 2] 

K^f - h7>VX^ (UiTMESF 

ET) li. GaAs^OSlNl^M0)frAl:. > 

^Pl^it-r^G a As I C, LSI 0)31*31^ <t LT3S 
@$*XTL>^) 0 

[0003] GaAsMESFET06iS|6l±t^: 
I*. y-h«««f VSHKttttft (g 
m) £lS]±*1±£«b£tlwy-h§*£<£&T£C£*< 

iSStifcMES fetti*. y- hgOJafiS*: <h 

>-V^Uja*A<±i:. «y— hfc«H«lCLT^fc. C 

^ttttn*f^*-r*«iieA<«3R$+LTi^ » 

OT2-8456) o CCD«H^S9 (a) KiTTo @ 

nmmnm &**m y— h«ficeBS*wi:: 

[0004] *6ICFET0)ttf6*l«l±Sti-«*«4:L 
T. @9 (b) (Z^-r«fc5«. L^*4LDD (Lightl 



y Doped Drain ) «ig7b<*Q b*iTl>£ 0 C*tf* % y— h 

<M*ttn+JlSHr3ea>EII*:lt«ILT»J(tr*tfl!> 
Tfc*o CcDfltigtr^CirlCcfcy, SbKgy-Hb 

«a>-b;u7T5-r>«iaizjt«LT«a§tfctt*fcA. 

[0 0 0 5] L**Ltt*<&* ***JUTffllcfi»i«iJl 
(lEOWt'ttpSi) Sa*>aA/f£^0)FETTIi. 

£• ZCOtzfo. LDD«aSlCfclf*itiW»a[J»(D^«1ftl 

tttfy T*M»afBa)«»Ta)»tfi;*<««)T*# <4o 

TUL\ «*ttima(D1&T£ffll*TL£5o t < lc 
LTG a A s £JHl*feJ|«f::i** y— h*«JSm 

a>«»i4«ffi»tticj:y«(a3b<iis*4xTfcy. mmm 

-kvhflta) ***ju-n+|lMMM#<D*tt<D 
15 5 rt<^ * * «fc y < ^oTL$5 <t l x 5 foJSI 

OLDDiiFETttt, *HSftJl<DTtt«8;RjStt:* 
tU©2-1 Ofe\z*&&£tiZ><Dtf-&tf)X~fo'otz<> 

*L y— h- KUW>IHSe*|SiHE<DlS|±irHLTI*JH 
[0 0 0 6] 

ttWH»*LJ:3tt*M] a±3i^«*:5l^ ft 
^GaAsMESFETtlt ttffe£^#>£^S. T 

i. y— hoo^y >v>y^*coi&M 

3. y— h-V— XlB«««taO>«* 
[0007] C*t^><7>5*>. 1. y— KD^U>i?>y 
iroixTI*. DCFL (Direct Coupled FET Logic) 0 

WBHucjst^T, nf^aae^xs-r^xsttB^icfto 

T^^i> 0 *ftWI4. «TEIt1lllcB^Tft*tifct,a)T. 
±E3«|*ifcL, Stt^MES FET$g«tt4; 

[0 0 0 8] 
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[0009] «»lzRLTI;J\ «£3fe(DLDDfl|iiFET 
[0 0 1 o] 

>v>yg*<Di»*, y— k- Ku-f >iBie*iS)ifjEfl) 
jr. y- h»rc»-r*ffl»a>^«isaffA<. «*<dld 

DfllallzJtRLT 1 /2- 1 /1 Olcft***u y— h 
[0 0 1 1 ] ^fc. C(Dh7>vX^li, DC F LIeISS 

W-omJMSIRh^v^x^iW— ©«#fi!ijR h 

Lisi»a)^-< ->^>yFET(Dis^. y— i — Ki/-r> 

*«*f*C4:(*y— I — V— X|Bl<7)^4x(Cl±-<Sa»I 

ftttfcsttri* 2 y. *a>SMR(*atf> 

DD«igFET(DXH^^H-r^Ci:^<. flHSftl 
[00 12] 

ooBiiicittw-r *c b 1 1*. *&wnmm<DG a a s 

MES FET(7)»r®«jgElr*fc-5o 
[0013] C(0GaAsMESFETIt y— hUg 
4**&»r5E<De* (**16«T?ttO. 2 5/im) Ifctifc 

(aaic x g BS-^Mfcai* o . 3 5 /k m % as 3x10 

18 c m-3<Z> n + V— X • Kt/-f>«« 6-1. 6 -2 
**U y— hS«IETa>nS»ffJl 2tZ 



#|::0)<S*3iS£ 0. 5 */m % aiS 5 x 1 Ol6 cm -3<7)pg; 

[0 0 14] C<7)F ET(* % ^t^UT»l:pSl3!l<» 
4fc». ^-v*JUrt©«**Hi:aA4»JR3&qK. « 
**JU»*<»<fcy % «JKD2*5cJ»JR*«l*J-r-Bfci6 

pjtetary. y-hsiGg^Ba*ti4ttti:n 

[0 0 15] *fc. y-HHirV-^ - Kb-f >n + 

[0016] y- h«a©BaBi=aa-r*i:. ^cdl 

D D*j£ F E T T?tt*MaSJla>aa36<^ **JU(B 2 - 

asu:£'eiKX£tvci*<&fctf>. y— h(D^y>v>y 
[0017] a&iz. y-hoKM>«o)Tttftas 

*<*Mlc«*SjhTl*5fSJR. y— h - >fHJ(7>v 

[0 0 18] CO«j:5^Ga As FETSS4«»a 
T\ (flHIlKIIM^ ffi^^-V^;UCD2-1 O{&0> 

izsji<*xov— x- Ku-f ><Dn+a < fcyi*a<»ja* 
as icttt j: 5 *>aAft»*a-pc t \z± y 

[OO 1 9] *r. 02(a) IC^-r^oU:. ¥*fe«tt 

©GaAsIfiiosii:, SlRW-f^vaAftlCcfcy 
FET©»ftli:tt4nai2tMLfe», *<DT®1 

iz. mmzmm 4->aAtti=j:y pSi«)Mii3$ 

^b^>^f > (ws ix)fr6 
&£y- h£jR£Jg|IS5 0 0 0At45<fc5 icitfS L ^ 

x ^ > y^Dxr 4 c t \z & y y- h sa 4 s»«-r 
E (vth) *<o- +o. i vgjga>y — 7Ut7gF 

v. k— x*6~7 x i o^cm^gsf-sajg-r-Sp ^ 

fc, ffy^.lSVth^<-0. 6 Vgje<0FET^Sfcl^^ 
K-XIS-1. 3 x 1 o13 C m-2gg(ziftS-rtL 
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to* nm<g\z&i) P mtfm±\z&izitLteiK (2) n 
m*<& k L-r >mi±ic^ y #tf j: or t pg" 

Mg^t>^DaiEl 8 0KeV, K— Xfi 3x10 

[0 0 2 0] «^ty-H8$7X^tLr, S i -f 

\Z % iD31E2 0 0KeV s K— Xg 3 x 1 0 12 c m"2 

y. *<Dttniy— h«a-c?«ii*4xfc^^*intTism 

(112 (b) ) 

[002 1 ] i2 (c) fc^-r^5lc. ^7X7 
c v d 4fs*««tti=«*ifc*a-eB^t > 'J =1 >^ 
^mo. 4nmaait«iLfc*. K«tt-r*>x** 

>^ (R I E) *0)»^ttx^^>yfcJ:ySit*fil(c 
B»*«£#f£l*x^>yr*C£lz < fcy % y— h®I 

«»l-»«-r*Wb*>'Ja>Wd:«l*jt««WC**4 

[0 0 2 2] ttl*T* 12 (d) IC^f <fc 5 ^— h 
a&4ftJ:tfflBfeSlR5£'?X9 LTMX.I21 2 OK 
eV. 6 x 1 0l3 cm -2(7)^j4:-es i -r^>^;1A-r^ 
ZtlZ* y % V— 6-1 fee*:!/ Kl/-f>«* 6 -2<D 

[0023] fit, B2 (e) IZ^-T^dlC. ;1AL 
tz<<J'^G)fSteit<btz&)<DT — — ;u£ 8 0 0-9 0 0°C 
■emv SWCA u G eM^644 V-XBB7-16 
£ tf K U<f >a® 7 -2 £ fi$A L T*JIH JE1M)0> F E T 

[0 0 2 4] C<D^afCj:tttf, ftfc<DLDD«ii&FE 

TossigxfiicfcLxT. -f3r>aAftfro>EM/£it-e» 
(BWttTffey. «*a>ft«icj;ys«icsi«^orifi-e* 

ZtztXD* * >;£ASB#;b< g B»*Mlz»flt-e * -5 tz 

ao>wt o f e t * is-it • mitt a < n^-r « c t *< 

[0025] *»a^af3fct\r. pspf««bib 
$»ffir*fctt<D*3*->aA (±k®2 (b> ) 

IC. «t*<DLDD«|i6tf^«^*raaSli8-1. 8-20 

**>»Axa*f*»n*4cfc%wttrfc«. car* 
c^icty. >f— h • v— xm % y— h - Ku-f >bbo> 



[0 0 2 6] £t\ 14 (a) |Z«r,fc3U:, *tmi£ 

FET0)aftJi4:<>:4nfflH2*^Lfc«. ^(D^® 
KJ5£0. 6 ffmO>KflS»>>J 3> (S i 02 ) i5« 

*u »i-y-Kaa*»rt"r*a«a>s i o 2 'm$s 

«Mlc|**LfcSL S i 02 I^Z^irLtpil*) 
El80KeV, K— Xfi3 x 1 0l2 cm -2|fjg-e^ 

5o cct'S i 02 momn&o^o. SumtL 

tZo 

[00 27] :%iZ* |4 (b) lZ7r.?&o\Z. ±m\Z? 

— hwi£££fi*b* >yxt> (wn) 4-i/<ur> 

* )l> t LXg.it* $ Is (T i N) 4-2. *><fcl/>*;/*X 
8©WIi44Aui4-3S, fhfhsooA, 20 

OA. 3 0 0 ACDffSlCltaLfc*. ^^lC<k 
y A uflg4-4£Jl£ 3 O O 0 AlzfltiLT S i 02 BIO 

MQtt&aa&t;. 

[00 28] 5I*«*. A u]K4-3.4*-f3j->5 U >y 
S£lZj:y±iBrca-3TX-y^>yL. Z^lZT i N. W 

N^^sf5tt-<^>x^^>^cfc yx7f>mc 
tirefcy. B4 (c) ictf-t j:^ics i 02 m<r>mo& 

[0029] awe. s i 02 K*»*Lf=». WfiE:7a 

c v Daft^sfMtticsiifcsats • 02 
mzmmo. * u™m&&mi,tzik* sBtt-fa-^x? 

f>^(RIE) «a>«*isx!y^>yrcj:.yait*iPi 

izjKJsas^trctx^^^^-r^cticcfcy. y-h« 
a 4 ommizcofrMitzs y = 5 s»« s . (ia 
4 (d) ) 

[0 0 3 0] CO>ffe, htia4teJ:U:«ett«K5 
S7X^^Lt^iltfl 20KeV, 6xio13cm~2 

o^-cs i -f 5j->£&A-r*ci:izj:y % y—xflM 

6-1^<|:t;KU>r>«iiS6-2CDn+mS^r^)o (H 
4 (©) ) 

[00 3 1] fit, ©4(f) 3 IC* ;1AL 

fc-f ^-XD^tt^b^/cttCOTX— 8 00-90O°C 
Vffl\ *»i:AuGe**^b&4V-Xta7-1*5 
<fctf K U-f >«a7-2*»J«UT**WSJfi«a> F E T 

[0 0 3 2] CO)*aiC<fc*ttf. ^-V*iUt n+JBS» 

»»jft*jao>^'cy--htias»aLfc*dizjt« 
ury— h«tt^*«ic«***i. <fey-JS<DS5isasf^ 

[0 0 3 3] ®5I*. ^^OS2(7)||iS«iia>Ga As 
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Jl3/)<ff2j££*l-Cl^o y— hSa®TCDn£JKjftJi 

£ V-X^CDi^igg n +16-1 StSISLT^^o 
[0034] CCD F E T f^^tKW>n+f 

£mm?%&#<DTmz P mmtim&Lte^tzisb. mis 

O p i^^S L D D«j| F E T i:lt-<ril;MO n I 
/2-1/1 0!:H£M£;h,Tfcy . C(Df£^ >f-h- 

>^fet<di§^ Aj3-&jim<Dffimm&t lxw< 

tzth. ztL£i&m.?Z)^ti*'f—\--v-*m(D*tilz 

[0 0 3 5] V— Xfflli. il^OLDDfllitctlH] 

«l::i*a|H»Mi;: J: y ***;u- v-x n + «|«^»8E 

$*XTl^t-#). V— XKOT»ffil**#©LDD«l36fc 
H«+#lCftlMl*«»e>4x4o ^^IZ. CCD G a A s F 

[0 0 3 6] ¥^tiOGaAsSSKDiI 
13. S«M^^>;^A;^lzJ:tj FETCOafif^St^-Sn 

A^l:<fc y p IIA^IS 3 JMt mt 
(WS i x) frht£h¥-h$LHB&mW.S 
000A<t^^cfc5lCltaL. x^^>yiJ0X-r-5Ci: 

izd:y>f-hsa4^^n£-r*<tc5^-ei*. mz 

[0037] «ilNT06 (a) \Z^^5\Z. KL/-f> 

^^p^js3^ffi«-r^>^5(c. miss i <<*zszm 

21E200KeV, K— Xfi3 x 1 0 12 cm -2-e^A 

-r^o c<dst#(*. Me\z±z>t>m®t. ^$^fS3o^ 

tt*B#flK ^««3iSS^lC(5^Ll^CD-efcy. *CD 

IS^y— hmaT?«S£*i*:^*wuiETiuncDpMJi 

[0 0 3 8] 136 (b) (C^f V— 

«icffl^-r^sp^cD^icgaa$w-r^ui;x > 

C^7X^tLt, ffliUiS i -f5f->£ 
MtE5 0KeV, K-Xi3xl0t3 C m-2T?aA 



u *raiajgS8 £ v— *m<DMzxm-fz> 0 

[003 9] 3I#«»H6 (c) IC^-T^5lC. 

(R I E) ^OM^ttx^^>>f|zJ:ySiI^fS] 

\zm&m%fttzifjivT^7?z>zt\z± y . y-hm 

a4 0)«»lZ<D^»fce/U3>H5$H«*1i-4. CCD 

CCT'liftjO. 3/imT*4. «L^T. f— h 
«a4fcJ:tf«B**K5*^X^i:LT«iLI<1 2 0 
KeV, 6 x i o13 cm -2a)fttt-cs i -f;j-:✓*;:£A•r 
*::i:lCJ:y* V— X«l«6-1i3J:tfKU-f >««6-2 
<Dn+|f £ff2fiJt?-*o 

[00 40] fit, 116 (d) lCg*r«fc5lC % ;iAL 
tz<{*l'0)7%feit<Otztb<b7— — JU£8 0 0-90 o°c 

KU-f>«a7-2«»«LT**W*JE«ifl!>FET 

[004 1] **ai=«fctttf. y-haacD kw >ss 

■y— h«aaT0)^V*iUTffla)WCJE«lc«gS4x 
S. CCD*=#). T^^*t>-fr«J|ftiflcfiH-r*1»ttK 

it)A<^ cr, mMcD^ncD f e t • < 

[0 0 4 2] H7 (a) IZ^-Tcfc^lC. #*£&f£ 

(DGaAsIfiKDlSlC, 1««-T * >&A&lCj: lj 
FETa)«Ht«i:«:«nffiJB2*»aLfc«. *<D^® 
Icl5£0. 6 jL/m<D»<tvU=I> (S i 02 ) i5» 

j*U ftfzy— ht!0)KU<>lj:6«S»tai:s 

1 02 KsafcwicttiLfcSL s i 02 mz^xtk 

AS. M1E1 80KeV, K— XS3 x 1 o12 cm 
-2ggT*frdo 2fc(C. 0 7 (b) IC^-T^5(Z. 

hM&tteZfeit* >^X^r> (WS i) 14^1 

umo>is.z\zmm?z> 0 

[0043] 5I$«#. WS i K4SSIttt-f*>X^ 

^>yaic«fcy±ffiicaoT-ta>Bi«aa»/£itx^^ 

>^-T^C<tlCj:y. 07 (c) IZ^-T«*:5ICS i 02 

-T£o CCD^r— hSa4fc<fctfS i 02 M5£-7X?<t 
It, V— X«ii|ElC<D^^^>;^ASfTtV 07 (d) 

[0 0 4 4] ^ic. s i 02 KSttfiLfefe* Sfi?7 
X7C V DSfi:i:©a[««Ittl=**ife»at S i 02 
KSK150. 4x/m«gJtaLf-^. K*tt-f*>x^ 

(r 1 e) «a>R*itx^^>yrcj:yBa*ifii 
i=BW**»*iitx^^>yr*cti=*y. y-hs 
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a4 0)fl(fiir<D^fti/Ua>H5*»«*li- % y-h 
«« 4 J: tffl S*£»ffi 5£^*^±:LT0iJ;U*l2O 
KeV. 6x10^ C m-2(D^TS i ^t>^At 
«C&IZj:iJ, V— 6-1 fccttf KM >M#6-2 
fl)n+B$Mt4o (H7 (e) ) fit, i7 
(f) &AL*:^*>(7>Stt<t(D^<D 

7 — — 8 00-9 0 0°C"CfrL\ MCA u G 

ft* V— X*a 7-lfe *tf K M > 7 -2£BrfL L 

[0 0 4 5] **56lCcfc*iii % h««<7> KM >ag 

»*ftt*lcfiHr*«MS*«l3b<£fei:r. Brao>»tt(DF 

[0 0 4 6] **WOmiO)Jll6« (Hi 
0 2] ) &W^(Df 2(DHJ6i5lj (15 [ll^tt 
06] ) F ET<Dt£f&£, 0 9 p SI 

tt&^SHr^T^-f (a) . LDDfitit 

(b) % fcWn+t7t^;h»i (c) titKLfc. 
w<DRL >f— hfiliO. 5/imi: Lfco 

[0 0 4 7] *-rS7^*iUttJKlzHLTT!ft«^ y 
->h^4 ^m(DFET££tp,t Lfcif^CD. O. 5 jU m 

FETlzfelf*L*L^ffl«aE<DSEKl hS) 
li. pS^)^Mir;i,7T^-<>fllit (H9 (a) ) i< 

>^^>Xgd (=<5ld/5Vd) t50mS/mmt 

fey. jE»ftt*>^7**tt«^*ft^ofco -*uc*j 

U f60>4O<D«li6-eid\ Vthv7hi5 0-1 0 0m 
V. gd=10-15mS/mmT'fctJ, tf>7*-:7l# 

[0 0 4 8] &\Z* «3tttllllB*«m|zHLT(* v n + 

*7t7MIBI (09 (c) ) icftivcii. 

V-X- KM >n+^igt$»8|-r*a^C0«ta^ S 

gmlC**ft|g»$^5L*v— XK5iJ«ta*<1 . OQ- 
mmts LDDfltit (0 9 (b) ) (DO. 4Q ■ mml: 
ttttLT2«l2l±lC**<. :©B*gmtf2 7 0mS 
/mm£. L D D«S(04 0 OmS/mmi:tt;^Ltt«I 
30%ISTLtUofc o cmc^Lr^B^|c < fe*2 

M > n +«tt*ttttT*«#©Tttl::S4&iM>. p Jltf 

D«S<tl^lfllO. 4-0. 5Q-mm<t<£<. gm^3 

8 0-40 OmS/mm£ L D D«agi: ^flfiOffl^ 

[0 0 4 9] yL±0)£5\Z % 3'O<»$t$:m0>'PT'l*&? 



eicgiLriiL d D«jStafea>ftL^ttttA<»&jixTL^ 

[0 0 5 0] FET<DI$^a>mSftttfig. -rft^> 

*>y-h • KM >MO«*fflWtti::HLTa'<*. 
3 ^ h*1*tt(Da*BlWEI=BBLT*36Ma>2 0(DSeiB 
«*LDD«*fclt«Lfcl8JIL LDDfltitlCfc^T 

3. 5-4. 5Vtfcof:t,a>^ **Ea> 2 00)3616 
«-CI*t^r*tt 7-8 Vt, *?!2f&(Diai±*^t)4xfc 0 
Ztllt, y-htSKM >Mta>*«ft»K*^ LDD 

WiS-eii^ juj&j*a>fc:tf> <t *p B 1;I£Jf 2 saw *■ 

[005 1 ] «fgWO)%3a)3gtS09^: Lt, 08 

lC«fiB®»0S*-r .fedlZDC F L(DX>f 7f>?FE 
T £ Lt^BjOGa A s MES F E T HfcWlCO 
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